Context. Circumstellar shells around AGB stars are built over long periods of time that may reach several million years. They may therefore be extended over large sizes (∼ 1 pc, possibly more), and different complementary tracers are needed to describe their global properties.
Introduction
Evolved stars on the asymptotic giant branch (AGB) are often surrounded by circumstellar shells.
The material in these shells is flowing outwards with velocities from a few km s −1 up to 40 km s −1 (Nyman et al. 1992 ). The observed mass-loss rates range from ∼ 10 −8 to a few 10 −4 M ⊙ yr −1 (e.g. Knapp & Morris 1985; Olofsson et al. 2002) , the lower limit being probably set by detectability. In this phase of the stellar life, the evolution is dominated by mass loss rather than nuclear processes (Olofsson 1999) . The history of mass loss over the full AGB is complex and the details of this process are currently not well known (e.g., Lafon & Berruyer 1991; Habing 1996; Leão et al. 2006) . A general picture, however, has arisen from both theoretical and observational findings that -on average -the mass-loss rate increases towards the end of the AGB phase, leading in some cases to the formation of a planetary nebula (e.g., Renzini 1981; Hrivnak & Bieging 2005) .
The validity of this simple picture may depend on the parameters of the star, e.g., on its initial mass. Schröder et al. (1999) combine mass-loss rates derived from consistent wind models with stellar evolution calculations and find that the mass-loss rate should increase along the AGB for stars with initial masses greater than 1.3 M ⊙ . Stars with lower initial mass would experience a single short-lived (∼ 1000 yr) episode of high mass loss only, which would leave behind a very narrow detached shell as observed in the case of, e.g., TT Cyg (Olofsson et al. 2000) . On the other hand, the mass-loss phenomenon appears to be highly variable on even shorter time scales as indicated e.g. by concentric arcs observed in scattered light around the prototype carbon Mira IRC +10216 (Mauron & Huggins 2000) and around some proto-planetary nebulae (e.g., Hrivnak et al. 2001 ).
The time scale of these mass-loss variations would be around a few 10 2 yr. The physical mechanism responsible for these variations still needs to be identified, although different possibilities have already been proposed: e.g., interaction between gas and dust within stellar outflows (Simis et al. 2001 ), or solar-like magnetic cycle (Soker 2002) . In contrast to these later phases of AGB mass loss at rather high rates (∼ 10 −5 M ⊙ yr −1 ), information about the mass-loss process on the early AGB, is even scarcer.
To unravel the processes involved in the mass-loss phenomenon, we have to find suitable tracers. One of the most studied among these tracers is the CO molecule, because so far it has been considered to provide the best estimate of the mass-loss rate for AGB stars (Ramstedt et al. 2008 ).
Not only can it be used to estimate this mass-loss rate, but it also yields important parameters of the AGB wind (e.g.: expansion velocity, central star velocity, etc.). Since CO is photodissociated by UV radiation from the interstellar radiation field (ISRF), it can only probe the inner parts (r ≤ reasonably far above the Galactic plane. For the other sources, the interstellar H i should be studied with care. In the present paper, we analyze this confusion with a new approach that consists in a 3D-mapping using H i spectra.
The mass-loss phenomenon is different from one AGB star to another and may vary highly with time. Nevertheless, observing in H i provides a global view of the CS behavior and, on timescales of about 10 5 years, small variations in the mass-loss rate may be flattened out. Thus, we have developed a model of the circumstellar gas, based on a scenario already proposed by Young et al. (1993) , in which CSs are the result of a constant outflow eventually slowed down by the surrounding medium. This deceleration produces a snowplough effect around the source, resulting in a detached shell of compressed matter originating from the star and the external medium (Lamers & Cassinelli 1999, Chap. 12) .
A schematic view of this model can be pictured as follows: a wind is flowing outward from the star, in free expansion with a constant velocity (V exp ) and a constant rate. It encounters a shock at a radius r 1 (termination shock), due to the slowing down by the surrounding matter. Between r 1 and r f (contact discontinuity), the stellar matter is compressed. Between r f and until a second shock at r 2 (bow shock), the interstellar matter has been swept up by the wind of the AGB star. Finally, beyond r 2 , the external matter is considered to be at rest.
Recently, we successfully applied this model to a carbon-rich star: Y CVn (Libert et al. 2007) .
In H i at 21 cm, this star exhibits a composite profile, made of a broad, rectangular component and a narrow, Gaussian-shaped one. In our description, the broad component is the signature of the freely expanding wind, whereas the narrow component is produced by the H i compressed in the snowplough between r 1 and r 2 . Our model provides a simple explanation for some of the so-called "detached dust shells" observed in the far infrared (Izumiura et al. 1996) . If this approach is correct, then it should also apply to detached shells around oxygen-rich AGB stars. In this paper we present H i and CO data that we obtained on an oxygen-rich AGB star, RX Lep, and interpret them with the model that we developed for Y CVn. The H i interstellar confusion in the direction of RX Lep is moderate and we illustrate, in that case, our new approach to extract a genuine H i spectrum.
In this simplified description we assume spherical symmetry. However, recent H i, far-infrared and UV data Matthews & Reid 2007; Ueta et al. 2006; Martin et al. 2007 ) have shown that the AGB star motion with respect to the ISM may lead to a distortion, and eventually a disruption, of the circumstellar environment. Previous, and more recent, numerical modelings (Villaver et al. 2003; Wareing et al. 2007 ) are in line with this interpretation. The circumstellar environment of RX Lep might provide a new illustration of this phenomenon, and we will discuss this possibility.
RX Lep
RX Lep has been classified as an irregular variable, Lb star (General Catalogue of Variable Stars, GCVS 3rd ed., Kukarkin et al. 1971) . A photometric monitoring over 8 years shows variations of about ± 1 magnitude in the V band (Cristian et al. 1995 This means that hydrogen is expected to already be mostly in atomic form in the atmosphere and throughout the CS (Glassgold & Huggins 1983) . Technetium lines ( 99 Tc) were searched for in the 4200-4300 Å region and not detected (Lebzelter & Hron 1999) , confirming an older result from Little et al. (1987) . This tends to indicate that RX Lep has not gone through a thermal pulse and that it is still in the early phase of the AGB (E-AGB). This is in good agreement with the results of 
Molecular line observations
RX Lep was part of a CO observing program dedicated to the Valinhos 'b' class stars (Epchtein et al. 1987 ). This class of sources is defined by a weak near-IR excess as compared with the IRAS The CO (2-1) transition was clearly detected (Fig. 1) . The resulting profile was fitted with a parabolic curve, and we derived an LSR velocity of V lsr = 28.9 ± 0.1 km s −1 , an expansion 
H i observations

RX Lep has been observed during a total of 141 hours between February 2005 and February 2008
with the Nançay Radiotelescope (NRT). The NRT is a meridian telescope with a rectangular aperture of effective dimensions 160×30 m. At 21 cm and at the declination of RX Lep, the FWHM of the beam is 4 ′ in RA and 22 ′ in declination. We used the position-switch technique with two off-positions in the east-west direction, every 2 ′ , and up to 24 ′ from the source. Thus, the total time spent on-source was 47 hours. To fully describe the environment of RX Lep, we sampled our map every half beam in RA and in Dec. (hereafter, the position-switch spectra will be referred to as C ± n × 4 ′ EW, n being the number of beams for the off positions). At 21 cm, the spectra have a bandwidth of 165 km s −1 and a channel width of 0.08 km s −1 . For convenient analysis, we smoothed the data with a Hanning filter so that the spectral resolution was 0.16 km s −1 . The data are processed with the CLASS software, part of the GILDAS 1 package developed at IRAM (Pety 2005 ).
The different steps of the data processing can be described as follows. First of all, we determine the spatial extent of the source by comparing the C ± n × 4 ′ EW spectra. When the maximum intensity of the peak is reached (n = n max ), the source does not contribute to the flux of the offset spectra anymore. For example, according to Fig. 2 (upper panel), RX Lep does not extend farther than 6 ′ in the E-W direction. Once the maximum extent is estimated, the average of the C ± n × 4 ′ EW spectra with n > n max gives the central spectrum (Fig. 2, lower panel) . Simple arithmetic then allows to extract the spectra at the offset positions, using the central spectrum.
We present a new visualization of the H i spectra to better separate the genuine stellar H i from the contamination due to interstellar hydrogen. The operation can be described as a stacking of the The horizontal line shows the width of the CO signal. NRT spectra, processed as above, in the east-west direction, for a given declination (Fig. 3) . In this view, velocity is given as a function of right ascension, and intensity is represented using a colored scale. This aims at visualizing, and thus separating, the H i emission coming from the source and that from the Galaxy. Indeed, on the resulting image, the stellar H i should be nearly centered in RA and close to the LSR velocity given by CO observations. While this process emphasizes the difficulties coming from the contamination due to the Galactic hydrogen emission, it also allows an evaluation of the possible problems when processing the data and a design of the best strategy for extracting the intrinsic source emission.
According to Fig. 3 , RX Lep is definitely a suitable candidate for H i observation, as it is clearly separated from the interstellar emission spectrally and spatially, although the confusion increases for velocities lower than 29 km s −1 . Indeed, the image shows 2 potential sources of contamination:
one around 4 ′ W from the source and at ∼ 20 km s −1 , the other increasing (negatively) at 16 ′ E and around 24 km s −1 . This information is crucial to safely extracting the intrinsic emission of RX Lep.
Thus, to build the map of the source, we fitted polynomial baselines (in some cases of degree up to 3 when the confusion reaches its highest level) to a portion of the spectrum between 21 and 54 km s −1 . The resulting map of RX Lep is shown in Fig. 4 .
We independently confirmed these results by observing the source using the frequency-switch mode (Fig. 2, lower panel) . We spent 5 hours on source and detected it at the same velocity and with the same flux density as shown on the map for the central position.
From our observations, we can readily derive some important properties of the CS. The map of RX Lep in Fig. 4 reveals that the H i line profile, at the central position, shows a quasi- (Libert et al. 2007 , Eq. 1). It gives us T mean < 312 K.
Evidence of a composite line profile such as that of Y CVn (Sect. 1) is difficult to see, given the fairly low intensity of the signal and the narrow width of the expected pedestal (2 × V exp ).
Nevertheless, from the central spectrum, we can set an upper limit to the amplitude of a possible pedestal. We estimate this limit at 20 mJy by assuming it has the same width as the CO profile (Fig. 5) .
The map of RX Lep (Fig. 4) shows that the H i brightness distribution of the envelope is offset from the stellar position both in RA and Dec. There is a slight westward RA offset < 1 ′ (since the flux density at 2 ′ west is larger than at 2 ′ east but smaller than at the center). There is a southward Dec. offset close to 5.5 ′ (since the flux density at 11 ′ south is nearly equal to the central flux). It is useful to give quantitative estimates, not only of the offsets but also of the spatial extents for the model calculations that will be discussed in Sect. 5. If one assumes that the H i brightness distribution is Gaussian in RA (and Dec.) and offset, the convolution by a Gaussian beam also produces a Gaussian distribution and one can retrieve from the data both the offset and half power also nearly southward). This suggests an HI envelope trailing south.
The integrated flux throughout the map gives 1.22 Jy×km s −1 , which translates into a hydrogen mass of ∼ 5.42 × 10 −3 M ⊙ (assuming no hydrogen in H 2 ; cf. Sect. 2). Adopting a mean molecular weight of 1.3, it translates into a total mass of the gas in the shell of ∼ 7.05 × 10 −3 M ⊙ . If we consider the mass-loss rate to be constant and adopt the estimate given by CO, then the age of the CS is ∼ 42700 years, about one order of magnitude less than the age we estimated for Y CVn.
Fig. 5.
Average of the spectra C ± n × 4 ′ EW and 11 ′ S ± n × 4 ′ EW with n > 1. The horizontal line represents the width of the CO line.
Model
The high-quality H i spectral profiles that we have obtained in the direction of RX Lep are similar to those of Y CVn (Libert et al. 2007 ). This type of profile is indicative of a slowing-down of stellar outflows in the external parts of CSs (Le Bertre & Gérard 2004 ). In the following we apply the model that we developed for the carbon-rich star Y CVn in order to evaluate the physical conditions within the shell of RX Lep. Of course, as this model assumes sphericity, it cannot reproduce the more complex geometry suggested by the map presented in the previous section. In the east-west direction the map is fairly symmetric, so the model could apply. However, there is also a clear north-south extension that would require a 2-D model, as well as a spatial resolution better than 22 ′ (the NRT beam).
A 1D-hydrodynamic code provides the density distribution within the detached shell based on the hypothesis of a slowing down of the stellar gas by the surrounding local material. The mass-loss rate is constant, and the gas expanding outward from the atmosphere is in free expansion with a constant velocity V exp . Then, the outflow encounters a shock (r 1 ). Its velocity decreases by a factor of about 4 and the matter keeps on decelerating until it reaches the external medium (at r f ). The external matter that has been swept up and compressed by the expansion of the stellar envelope lies outside r f . Finally, beyond r 2 , the gas is at rest.
The expansion velocity and the LSR velocity of the source are based on the results from our CO observations. But RX Lep has not been studied much, so we lack some spatial information such as estimates of r 1 and r 2 that could have been obtained, for example, with dust continuum observations. Nevertheless, the NRT map indicates that the object is fairly small in the east/west direction (∼ 2.3 ′ i.e. ∼ 9 × 10 −2 pc at 137 pc).
One of the results of our model is that detached shells are flagged by a composite H i spectrum.
The first component (Comp. 1) is narrow, with a quasi-Gaussian shape and it arises from the matter slowed down by the local medium. The second component (Comp. 2) is broad with a rectangular shape, as it probes the inner part of the shell where the gas is in free expansion. In Sect. 4, we set an upper limit of Comp. 2 of ∼ 20 mJy. For a constant mass-loss rate, we can derive a relation (Eq. 1) to estimate r 1 :
where r 1 is expressed in arcmin, d is the distance in pc, V exp is in km s −1 , F Comp.2 is the intensity of the pedestal in Jy, andṀ is in M ⊙ yr −1 . With V exp = 4.2 km s −1 andṀ = 1.65 × 10 −7 M ⊙ yr −1 (Sect. 3), we estimate an upper limit for r 1 of 0.64 ′ . We set r 2 at 1.15 ′ , in agreement with the H i observations in the east-west direction (HPW/2, Sect. 4).
As our model assumes spherical symmetry, we performed a fitting on a symmetrized map, i.e. a map in which the offset positions have been averaged (Fig. 6, upper panel) . In the model, the total flux is forced to be equal to that measured in the map (i.e. 1.22 Jy × km s −1 ). We set the central velocity at 28.8 km s −1 . The results are summarized in Table 1 . In this simulation, the temperature and the velocity are constant inside r 1 (resp. 20 K and 4.2 km s −1 ). The shock at r 1 decreases the velocity (increases the density) by a factor of 3.9 and the temperature rises to 530 K (Figs. 7 &   8 ). Then, inside the region of compressed matter (between r 1 and r f ), the temperature decreases to ∼ 175 K. The physical conditions between r f and r 2 are in fact not constrained either by our model or by the data at 21 cm, and in Table 1 they are only extrapolated (for more details, see Libert et al. 2007 ).
The model assumes that the H i emission is optically thin (τ ≪ 1). This can be verified using the output column density profile (Fig. 8, right panel) and the expression τ = 5.50 × 10 Libert et al., 2007) where N H is in cm −2 and ∆V, the line width, in km s −1 . With T > 175 K and ∆V ∼ 3.8 km s −1 , the optical depth stays below 0.5 at all impact parameters > 0.1 ′ from the central star.
In general, the model provides a satisfactory fit to the symmetrized H i spectra that we have we can improve the fit to the observed data (Fig. 6, lower panel) . This gives support to the offset values that we have determined by Gaussian-fitting in Sect. 4. Yet, the spectrum on the position at 22 ′ south is not well reproduced, suggesting that the source is more extended along the north-south direction than along the east-west one, as suspected in Sect. 4.
In the past (Y CVn, Libert et al. 2007 ), we already attempted to better fit the data by a shift in position to take into account the deformation of the envelope by the ISM. However, this approach is Lower panel: temperature profile adopted for the model.
artificial because we used a spherical model that is not centered on the star position. It is only meant to illustrate the need for an H i mapping of this interesting source with a better spatial resolution and the need to develop a true non-spherical modeling of detached shells. 
Discussion
RX Lep shows evidence of a circumstellar envelope of ∼ 0.01 M ⊙ that may be the result of its stellar wind decelerated by the external medium. This star is an oxygen-rich, semi-regular variable on the E-AGB (no evidence of Tc, cf. Sect. 2). It is in the same evolutionary stage as EP Aqr and X Her, which have also been detected in H i and for which the emission at 21 cm shows evidence of significant circumstellar envelopes (Le Bertre & Gérard 2004; Gardan et al. 2006) . We note that these 3 stars share the same variability properties and have about the same luminosity (∼ 4500 L ⊙ ) and the same effective temperature (∼ 3200 K). It suggests that mass loss can already occur efficiently for this type of star on the E-AGB.
Our model strongly relies on the mass-loss rate estimated from CO observations. It is noteworthy that this estimate is consistent with Reimers' relation (Reimers 1978) . Indeed, by adopting
However, the luminosity was probably lower in the past, as was the mass-loss rate. This suggests that the age (42 700 years) is underestimated.
The model and our observations together put constraints on the physical conditions within the CS between the termination shock (r 1 ) and the interface (r f ). Directly from the observations, the mean temperature should be 300 K. Based on the assumption of an adiabatic shock at r 1 , it implies an increase in temperature to ∼ 500 K. Thus, the gas must be cooled down in the CS. Estimating the cooling rate is difficult at such low temperatures. Nevertheless, the H i line-profiles put constraints on the behavior of the temperature because it is coupled to the kinematics (Libert et al. 2007) . The temperature profile shown in Fig. 7 (lower panel) yields the best fit to the shape of the H i spectra.
Between r f and r 2 , our model has only been extrapolated. This region is probably dominated by interstellar material flowing at ∼ 50 km s −1 through the bow shock. The material should be denser than assumed in our model; indeed, this region is fed by the interstellar medium that has been swept up through the relative motion of RX Lep circumstellar shell, at ∼ 50 km s −1 , rather than by the expansion of the shell during the same period of 4 10 4 years. Also it is expected to be ionized, and therefore might not contribute significantly to the H i emission that we detected.
The H i data indicate that RX Lep's CS is offset about 4 ′ to the south and 0.5 ′ to the west. This agrees within 25
• with the direction of the proper motion given by Hipparcos (PA ∼ 31 • ). In addition, the model hints that the shell is not completely spherical, and that RX Lep is slightly elongated (Fig. 9 ) suggest a small extended source (φ ∼ 6 ′ -8 ′ ). The source at 100 µm might be shifted by ∼ 2 ′ to the south. There is also an extension (∼ 12 ′ ) to the south; however, it might be an artifact due to the satellite scanning in the north-south direction. In these images, we cannot confirm the X0509-119 offset with respect to RX Lep (cf Sect. 2). New data with a better spatial resolution, e.g. from the Far Infrared All-Sky Survey of Akari, may help to clarify this situation.
In their H i survey of evolved stars, found that the line-profiles are Gaussian-shaped and often offset with respect to the stellar velocity by ∼ 1-3 km s −1 towards 0 km s −1 LSR. Several H i sources were also noted to be spatially offset from the central star.
They suggest that these effects could be related to a non-isotropic interaction with the local ISM.
Matthews & Reid (2007) have imaged the H i emission around RS Cnc with the VLA. They find that it is elongated with a peak on the stellar position and a filament extending ∼ 6 ′ to the northwest, in a direction opposite to that given by the proper motion. Recently, Matthews et al. (2008) have imaged the H i emission of Mira with the VLA. As for RS Cnc, they find a "head-tail" morphology oriented along the star proper motion and consistent, on large scales, with the far-ultraviolet emission discovered by GALEX (Martin et al. 2007 ). Furthermore, the high spectral resolution H i data obtained with the NRT along the 2-degree GALEX trail reveal a deceleration of the gas caused by interaction with the local ISM. Finally, using Spitzer MIPS data obtained on R Hya at 70 µm, Ueta et al. (2006) discovered a bow-shock structure ahead of the star in the direction of its motion.
The excess emission that delineates this bow shock is seen at 70 µm, but not at 160 µm; it may partly come from the [O i] cooling line at 63 µm. Although we have presently no direct evidence in H i of a bow-shock, both structures, bow-shock and H i trail, should be causally related (Wareing et al. 2006) . In fact, as the velocity of these sources with respect to the ISM is often high (see e.g. Nyman et al. 1992 , or Mennessier et al. 2001 , the interstellar material is probably ionized through the bow shock, so that we may never detect directly such a bow-shock structure in H i at 21 cm.
Better tracers would likely be line emission in the UV/optical/IR ranges (H α , [Fe ii], [O i], etc.).
We therefore have a convergent set of results that shows that AGB stars are associated with large-scale circumstellar shells distorted by the motion of these evolved objects through the ISM (Villaver et al. 2003) . We suggest that RX Lep is one more source in such a case. That the source is elongated in the same direction as its offset and nearly opposite to the direction of motion, argues in favor of a head-tail morphology.
Conclusions
We detected CO(2-1) and H i line emissions from the semi-regular oxygen-rich E-AGB star, RX Lep. These emissions indicate a stellar outflow at a velocity ∼ 4.2 km s −1 and a rate The elongated shape of the RX Lep H i source is compatible with the direction of its proper motion, as in the cases of Mira and RS Cnc, which have already been studied at high angular resolution with the VLA.
